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57 ABSTRACT 

A method and apparatus for controlling transfer of data in 
which a plurality of burst transfer operations Starting from 
an arbitrary byte as a start address are performed consecu 
tively without a high-Speed adder provided in the conven 
tional data transfer apparatus performing burst transfer. Data 
is transferred between memories by a plurality of consecu 
tive burst transfer operations performed on data Stored in 
consecutive addresses. Each of the burst transfer operations 
is performed on the data Stored in a respective one of 
memory cell areas each of which corresponds to a unit of 
burst transfer. A first address representing an address of one 
of the memory cell areas Storing data to be transferred is 
calculated. The first address is a part of a start address of a 
Second or later burst transfer operation. A Second address 
representing an address of one of memory cells provided in 
the one of the memory cell areas is calculated Separately. 
The data transfer operation is started from the one of the 
memory cells. The Second address is a part of the Start 
address of the Second or later burst transfer operation. 

12 Claims, 8 Drawing Sheets 
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DATA TRANSFER CONTROL METHOD AND 
APPARATUS FOR PERFORMING 
CONSECUTIVE BURST TRANSFER 

OPERATIONS WITH A SIMPLE STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for controlling transfer of data and, more particularly, to a 
method and apparatus for controlling transfer of data using 
a burst transfer method which is generally performed in a 
data processing System. 

2. Description of the Related Art 
FIG. 1 is a block diagram of a part of a conventional data 

processing System in which a burst transfer operation is 
performed. In FIG. 1, an arithmetic processor 1 processes 
data. A memory 2 is an external memory comprising a 
dynamic random access memory (DRAM) having a capacity 
of 4 giga-bytes and a burst transfer mode. An external 
address bus 3 has a 32-bit structure. An external address bus 
4 has a 64-bit structure. 

FIGS. 2A-2E represent is a timing chart of a burst transfer 
operation performed between the arithmetic processor 1 and 
the external memory 2. FIG. 2A shows an external clock 
Signal. FIG. 2B Shows the State of a bus request Signal output 
from the arithmetic processor 1 for requesting use of a bus. 
FIG. 2C shows a State of a bus acknowledge Signal provided 
to the arithmetic processor 1 to permit use of a bus. FIG. 2D 
shows the state of the external address bus 3. FIG. 2E shows 
the state of the external address bus 4. 

In the example shown in FIGS. 2A-2E, an address A1 is 
output to the external address bus 3 as a start address of the 
first cycle of burst transfer after a permission of use of the 
bus is provided upon the request for use of the bus output 
from the arithmetic processor 1. Then, the Sets of data 
D1-D4 are sequentially output to the external address bus 4 
in the order D1-> D2->D3->D4. Thus, a burst transfer (a 
Store transfer for the external memory 2 or a load transfer for 
an internal memory of the arithmetic processor 1) is per 
formed for the sets of data D1-D4. 

Thereafter, an address A2 is output to the external address 
bus 3 as a Start address of the Second cycle of burst transfer. 
Then, the sets of data D5-D8 are sequentially output to the 
external address bus 4 in the Order D5->D6->D7->D8. 
Thus, a burst transfer is performed for the sets of data 
D5-D8. 

Thereafter, an address A3 is output to the external address 
bus 3 as a start address of the third cycle of burst transfer. 
Then, the sets of data D9-D12 are sequentially output to the 
external address bus 4 in the order D9->D10->D11->D12. 
Thus, a burst transfer operation is performed for the Sets of 
data D9-D12. 

In the above-mentioned example, a number of consecu 
tive Sets of data transferred by a Single burst transfer, which 
is referred to as a burst length, is 4. In this case, the period 
for calculating the address is one fourth of that of a case 
where the address is output for each of the Sets of data 
D1-D12 for each clock pulse. This allows the design of a 
high-Speed data processing System. 

In the conventional burst transfer, the word length typi 
cally comprises Several bytes, for example, 4 bytes or 8 
bytes, So as to perform the data transfer on the word basis. 
Thus, it is no longer Standard to perform a data transfer in 
which the transfer is started from an arbitrary byte, as a start 
address, in a Single word. 
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2 
When a plurality of burst transfer operations starting from 

an arbitrary byte as a start address are performed 
consecutively, it is required to calculate the Start address for 
each clock signal pulse if the Start address for the Second and 
later burst transfer operations is determined by counting the 
number of words which have been transferred. Thus, there 
is a problem in that a high-Speed adder for the address 
calculation is needed. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to provide a 
method and apparatus for controlling transfer of data in 
which the above-mentioned problems are eliminated. 
A more Specific object of the present invention is to 

provide a method and apparatus for controlling transfer of 
data in which a plurality of burst transfer operations Starting 
from an arbitrary byte as a start address are performed 
consecutively without a high-Speed adder provided in the 
conventional data transfer apparatus performing burst trans 
fer. 

In order to achieve the above-mentioned objects, there is 
provided, according to one aspect of the present invention, 
a data transfer control method for controlling transfer of data 
between memories by a plurality of consecutive burst trans 
fer operations performed on data Stored in consecutive 
addresses, each of the burst transfer operations being per 
formed on the data Stored in a respective one of memory cell 
areas, each of which corresponds to a unit of burst transfer, 
the data transfer control method comprising the Steps of 

a) calculating a first address representing an address of 
one of the memory cell areas Storing data to be transferred, 
the first address being a part of a Start address of a Second 
or later burst transfer operation; and 

b) calculating Second address representing an address of 
one of memory cells provided in the one of the memory cell 
areas, a data transfer operation being Started from the one of 
the memory cells, the Second address being a part of the Start 
address of the Second or later burst transfer operation. 
According to the above-mentioned invention, a calcula 

tion of the start address of the second or later burst transfer 
operation is performed by two Separate operations. One of 
the operations is the calculation of the address of the 
memory cell area which corresponds to a unit of burst 
transfer. The other of the operations is the calculation of the 
address provided in the memory cell area which corresponds 
to a unit of burst transfer. Thus, there is no need to calculate 
the address for each clock pulse when a plurality of burst 
transfer operations, in each of which data including an 
arbitrary number of bytes is transferred, can be consecu 
tively performed with an arbitrary start address. 
Accordingly, there is no need to provide an adder having an 
operation Speed higher than that of the adder provided in the 
conventional burst transfer control unit. 

In the data transfer control method according to the 
present invention, each of the memory cells may have a 
capacity of m bits and may be provided with addresses each 
of which comprises n bits, an address of each of the memory 
cell areas being represented by higher order n-X bits, a burst 
transfer operation being performed based on a word length 
being 2*m bits and a burst length being 2, where m, n, 
X and y are integerS Satisfying a relationship n>X>y 21, 

wherein a calculation of step a) is performed by incre 
menting a first higher order value represented by higher 
order n-X bits of a start address of a first burst transfer 
operation each time a request for a burst transfer operation 
is made; and 
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a calculation of step b) is performed by Summing a first 
lower order value represented by lower order X bits of a 
number of addresses from which data is transferred and a 
second lower order value represented by lower order X bits 
of the start address of the first burst transfer operation. 

The data transfer control method according to the present 
invention may further comprise the Step of: 

c) controlling the number of burst transfer operations to 
be performed after the second burst transfer operation by 
calculating a number of burst transfer operations after the 
Second burst transfer operation based on the number of 
addresses from which the data is to be transferred and the 
Start address of the first burst transfer operation. 

Additionally, Step c) may include the steps of: 
c-1) calculating a number of burst transfer operations after 

the second burst transfer operation based on the first lower 
order value and the Second lower order value; and 

c-2) decrementing the number of burst transfer operations 
to be performed each time a request for a burst transfer 
operation is made So as to instruct an end of the burst transfer 
operations when the number of burst transfer operations to 
be performed becomes Zero. 

Additionally, a calculation of the number of burst transfer 
operations to be performed may be performed by Summing 
a Second higher order value represented by higher order n-X 
bits of the number of addresses from which data is to be 
transferred, minus one, and a first value represented by 
(x+1)th order of a Second value obtained by Summing the 
Second lower order value and a third lower order value 
represented by lower order X bits of the number of addresses, 
from which the data is to be transferred, minus one. 

Additionally, there is provided, according to another 
aspect of the present invention, a data transfer control 
apparatus for controlling transfer of data between memories 
by a plurality of consecutive burst transfer operations per 
formed on data Stored in consecutive addresses, each of the 
burst transfer operations being performed on the data Stored 
in a respective one of memory cell areas each of which 
corresponds to a unit of burst transfer, the data transfer 
control apparatus comprising: 

a first address calculating unit calculating a first address 
representing an address of one of the memory cell areas 
Storing data to be transferred, the first address being a part 
of a Start address of a Second or later burst transfer operation; 
and 

a Second address calculating unit calculating a Second 
address representing an address of one of memory cells 
provided in the one of the memory cell areas, a data transfer 
operation being Started from the one of the memory cells, the 
Second address being a part of the Start address of the Second 
or later burst transfer operation. 

According to the above-mentioned invention, a calcula 
tion of the start address of the second or later burst transfer 
operation is performed by the first address calculating unit 
and the Second address calculating unit. The first address 
calculating unit calculates the address of the memory cell 
area which corresponds to a unit of burst transfer. The 
Second address calculating unit calculates the address pro 
Vided in the memory cell area which corresponds to a unit 
of burst transfer. Thus, there is no need to calculate the 
address for each clock pulse when a plurality of burst 
transfer operations, in each of which data including an 
arbitrary number of bytes is transferred, can be consecu 
tively performed with an arbitrary start address. 
Accordingly, there is no need to provide an adder having an 
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4 
operation Speed higher than that of the adder provided in the 
conventional burst transfer control unit. 

In the data transfer control apparatus according to the 
present invention, each of the memory cells may have a 
capacity of m bits and may be provided with addresses each 
of which comprises n bits, an address of each of the memory 
cell areas being represented by higher order n-X bits, a burst 
transfer operation being performed based on a word length 
being 2*m bits and a burst length being 2, where m, n, 
X and y are integerS Satisfying a relationship n>X>y 21, 

wherein the first address calculating unit comprises a first 
adder incrementing a first higher order value represented by 
higher order n-X bits of a start address of a first burst transfer 
operation each time a request for a burst transfer operation 
is made; and 

the Second address calculating unit Sums a first lower 
order value represented by lower order X bits of a number of 
addresses from which data is to be transferred and a Second 
lower order value represented by lower order X bits of the 
Start address of the first burst transfer operation. 
The data transfer control apparatus according to the 

present invention may further comprise: 
a burst control unit controlling the number of burst 

transfer operations to be performed after the Second burst 
transfer operation by calculating a number of burst transfer 
operations after the Second burst transfer operation based on 
the number of addresses from which the data is to be 
transferred and the start address of the first burst transfer 
operation. 

Additionally, the burst control unit may include: 
a Second adder Summing the Second lower order value and 

a third lower order value represented by lower order X bits 
of the number of addresses from which the data is to be 
transferred, minus one; 

a third adder Summing a carry of the Second adder and a 
Second higher order value represented by higher order n-X 
bits of the number of addresses from which data is to be 
transferred, minus one; 

a Subtracter decrementing the number of burst transfer 
operations to be performed each time a request for a burst 
transfer operation is made, an initial value of the Subtracter 
being Set to an output of the third adder; and 

a determination circuit determining whether an output of 
the Subtracter is Zero So as to output a signal instructing an 
end of a burst transfer when the output of the subtracter is 
ZCO. 

Additionally, the Second address calculating unit may 
include a fourth adder adding one to an output of the Second 
adder. 

Other objects, features and advantages of the present 
invention will become more apparent from the following 
description when read in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a part of a conventional data 
processing System in which a burst transfer operation is 
performed; 

FIGS. 2A-2E represent a timing chart of a burst transfer 
operation performed between an arithmetic processor and an 
external memory 2 shown in FIG. 1; 

FIG. 3 is a block diagram of a part of a data processing 
System having an arithmetic processor provided with a direct 
memory access (DMA) controller according to a first 
embodiment of the present invention; 



6,009,493 
S 

FIG. 4 is an illustration showing a part of a memory map 
of an external memory shown in FIG. 3; 

FIG. 5 is a circuit diagram of an address unit shown in 
FIG. 3; 

FIG. 6 is a circuit diagram of a burst control unit shown 
in FIG. 3; 

FIG. 7 is an illustration for explaining an operation of a 
DMA controller shown in FIG. 3; and 

FIG. 8 is an illustration for explaining another operation 
of the DMA controller shown in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A description will now be given, with reference FIG. 3, of 
a first embodiment of the present invention. FIG. 3 is a block 
diagram of a part of a data processing System having an 
arithmetic processor provided with a direct memory acceSS 
(DMA) controller according to the first embodiment of the 
present invention. 

The part of the data processing system shown in FIG. 3 
comprises an arithmetic processor 6 which processes data, 
an external memory 7 which comprises a DRAM having a 
burst transfer mode with a capacity of 4 giga-bytes, an 
external address bus 8 having a 32-bit structure and an 
external address bus 9 having a 64-bit structure. 

The external memory 7 is constructed to perform a burst 
transfer operation by providing an address composed of 32 
bits as a byte basis and having a word length of 8 bytes and 
a burst length of 4. 

FIG. 4 is an illustration showing a part of a memory map 
of the external memory 7. The addresses shown in FIG. 4 are 
represented by the hexadecimal number System. 

In FIG. 4, a portion 11 indicates a memory area which 
includes an address area including addresses whose higher 
order 27 bits are 000 . . . 000 (27 zero-bits), where and 
hereinafter a numeral provided with the suffix 2 indicates a 
numeral represented by the binary number System which 
constitutes unit data of burst transfer. That is, the addresses 
corresponding to 0 to 31 are included in the memory area 
11, where and hereinafter a numeral provided with the suffix 
10 indicates a numeral represented by the decimal number 
System. The addresses 0 to 31 represented by the deci 
mal number system correspond to 000... 000000 (32 Zero 
bits) to 000 . . . 011111 (27 zero-bits plus 5 one-bits). 
Additionally, the addresses 0 to 31 represented by the 
decimal number System can be represented, as shown in 
FIG. 4, by the numerals (00000000) to (0000001F) 
indicated by the hexadecimal number System, respectively, 
where and hereinafter a numeral provided with the suffix 16 
indicates a numeral represented by the hexadecimal number 
System. 
A portion 12 indicates a memory area which includes an 

address area including addresses whose higher order 27 bits 
are 000 . . . 001 (26 zero-bits plus 1 one-bit). That is, the 
addresses corresponding to 32 to 63 are included in the 
memory area 12. The addresses 32 to 63 represented by 
the decimal number system correspond to 000... 0100000 
(26 zero-bits plus 1 one-bit plus 5 Zero-bits) to 000 . . . 
0111111 (26-zero bits plus 6 one-bits). Additionally, the 
addresses 32 to 63 represented by the decimal number 
System can be represented, as shown in FIG. 4, by the 
hexadecimal numerals (00000020) to (0000003F), 
respectively. 
A portion 13 indicates a memory area which includes an 

address area including addresses whose higher order 27 bits 
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6 
are 000... 010 (25 Zero-bits plus 1 one-bit plus 1 zero-bit). 
That is, the addresses corresponding to 64 to 95 are 
included in the memory area 13. The addresses 64 to 95 
represented by the decimal number System correspond to 
000 . . . 01000000 (25 Zero-bits plus 1 one-bit plus 6 
Zero-bits) to 000... 1011111 (25-zero bits plus 1 one-bit 
plus 1 Zero-bit plus 5 one-bits). Additionally, the addresses 
64 to 95 represented by the decimal number System can 
be represented, as shown in FIG. 4, by the hexadecimal 
numerals (00000040) to (0000005F), respectively. 
A portion 14 indicates a memory area which includes an 

address area including addresses whose higher order 27 bits 
are 000. . . 011 (25 Zero-bits plus 2 one-bits). That is, the 
addresses corresponding to 96 to 127 are included in the 
memory area 13. The addresses 96 to 127 represented by 
the decimal number system correspond to 000 . . . 
01100000 (25 Zero-bits plus 2 one-bits plus 5 Zero-bits) to 
000 . . . 01111111 (25-zero bits plus 7 one-bits). 
Additionally, the addresses 96 to 127 represented by the 
decimal number System can be represented, as shown in 
FIG. 4, by the hexadecimal numerals (00000060) to 
(0000007F), respectively. 

Additionally, D1 indicates word data including addresses 
0 to 7 which correspond to addresses 000 . . . 000 to 
000... 111, respectively. In FIG.4, the addresses 0, to 7 
are represented as the hexadecimal numerals (00000000) 
to (00000007), respectively. 

Similarly, D2 indicates word data including addresses 8 
to 15 which correspond to addresses 000 . . . 01000 to 
000... 01111, respectively. In FIG. 4, the addresses 8 to 
15 are represented as the hexadecimal numerals 
(00000008) to (0000000F.), respectively. 

Similarly, D3 indicates word data including addresses 
16 to 23 which correspond to addresses 000... 010000 
to 000 . . . 010111, respectively. In FIG. 4, the addresses 
16 to 23 are represented as the hexadecimal numerals 
(00000010) to (00000017), respectively. 

Similarly, D4 indicates word data including addresses 
24 to 31 which correspond to addresses 000... 011000 
to 000 . . . 011111, respectively. In FIG. 4, the addresses 
24 to 31 are represented as the hexadecimal numerals 
(00000018) to (0000001F), respectively. 

Similarly, D5 indicates word data including addresses 
32 to 39, which correspond to addresses 000 . . . 
0100000 to 000 . . . 0100111, respectively. In FIG. 4, the 
addresses 32 to 39 are represented as the hexadecimal 
numerals (00000020) to (00000027), respectively. 

Similarly, D6 indicates word data including addresses 
40 to 47 which correspond to addresses 000 . . . 
0101000 to 000 . . . 0101111, respectively. In FIG. 4, the 
addresses 40 to 47 are represented as the hexadecimal 
numerals (00000028) to (0000002F), respectively. 

Similarly, D7 indicates word data including addresses 
48 to 55 which correspond to addresses 000... 011000 
to 000 . . . 110111, respectively. In FIG. 4, the addresses 
48 to 55 are represented as the hexadecimal numerals 
(00000030) to (00000037), respectively. 

Similarly, D8 indicates word data including addresses 
56 to 63 which correspond to addresses 000 . . . 
0111000 to 000 . . . 0111111, respectively. In FIG. 4, the 
addresses 56 to 63 are represented as the hexadecimal 
numerals (00000038) to (0000003F), respectively. 

Similarly, D9 indicates word data including addresses 
64 to 71 which correspond to addresses 000 . . . 
01000000 to 000... 01000111, respectively. In FIG.4, the 
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addresses 64 to 71 are represented as the hexadecimal 
numerals (00000040) to (00000047), respectively. 

Similarly, D10 indicates word data including addresses 
72 to 79 which correspond to addresses 000 . . . 
01001000 to 000... 01001111, respectively. In FIG. 4, the 
addresses 72 to 79 are represented as the hexadecimal 
numerals (00000048) to (0000004F), respectively. 

Similarly, D11 indicates word data including addresses 
80 to 87 which correspond to addresses 000 . . . 
01010000 to 000... 01010111, respectively. In FIG.4, the 
addresses 80 to 87 are represented as the hexadecimal 
numerals (00000050) to (00000057), respectively. 

Similarly, D12 indicates word data including addresses 
88 to 95 which correspond to addresses 000 . . . 
01011000 to 000... 01011111, respectively. In FIG. 4, the 
addresses 88 to 95 are represented as the hexadecimal 
numerals (00000058) to (0000005F), respectively. 

Similarly, D13 indicates word data including addresses 
96 to 103 which correspond to addresses 000 . . . 
01100000 to 000... 01100111, respectively. In FIG.4, the 
addresses 96 to 103 are represented as the hexadecimal 
numerals (00000060) to (00000067), respectively. 

Similarly, D14 indicates word data including addresses 
104 to 111 which correspond to addresses 000 . . . 
01101000 to 000... 01101111, respectively. In FIG. 4, the 
addresses 104 to 111 are represented as the hexadecimal 
numerals (00000068) to (0000006F), respectively. 

Similarly, D15 indicates word data including addresses 
112 to 119 which correspond to addresses 000 . . . 
01110000 to 000... 01110111, respectively. In FIG. 4, the 
addresses 112 to 119 are represented as the hexadecimal 
numerals (00000070) to (00000077), respectively. 

Similarly, D16 indicates word data including addresses 
120 to 127 which correspond to addresses 000 . . . 
01111000 to 000... 01111111, respectively. In FIG. 4, the 
addresses 120 to 127 are represented as the hexadecimal 
numerals (00000078) to (0000007F), respectively. 
As shown in FIG. 3, the arithmetic processor 6 comprises 

a calculation core unit 18 including a calculating circuit and 
a calculation control circuit, an internal memory 19 and a 
DMA controller 20 which is the first embodiment of the data 
transfer controlling apparatus according to the present 
invention. 

The DMA controller 20 performs data transfer operations 
from the external memory 7 to the internal memory 19 and 
from the internal memory 19 to the external memory 7 in 
accordance with a transfer controlling method according to 
the present invention. 

In the present embodiment, the DMA controller 20 com 
prises a data aligning unit 21, an address unit 22, a burst 
control unit 23, a register unit 24 and a bus control unit 25. 

The data aligning unit 21 performs an aligning control 
(rearrangement of data on a byte unit basis) according to the 
position of a data byte with respect to the data transfer 
operation between the external data bus 9 and an internal 
data bus 26. 

The address unit 22 corresponds to a first address unit, and 
outputs the higher order 27 bits of the start address of a burst 
transfer operation to a portion of the external address buS 8 
corresponding to the higher order 27 bits. 

The burst control unit 23 calculates the number of burst 
transfer operations to be consecutively performed So as to 
control the number of sets of data transferred by the burst 
transfer operations. Additionally, the burst control unit 23 
outputs the lower 5 bits of the start address of the burst 
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8 
transfer operation to a portion of the external address buS 8 
corresponding to the lower 5 bits. 
The register unit 24 designates the transfer mode (load 

transfer or store transfer), a start operation, the start address 
of a burst transfer operation and the number of data bytes to 
be transferred. 

The bus control unit 25 controls a timing signal of the bus 
and a control of each module according to the contents Set 
in the register unit 24. 

FIG. 5 is a circuit diagram of the address unit 22. In FIG. 
5, a selector 28 selects either the higher order 27 bits of the 
Start address of the first burst transfer operation or +1 and 
outputs the result to an adder 29. A Selection control Signal 
SL1 is provided to the selector 28 so as to control the 
Selecting operation of the Selector 28. 
When the selection control signal SL1 is equal to 1 

(SL1=1), the selector 28 selects the higher order 27 bits. 
When the selection control signal SL1 is equal to zero 
(SL1=0), the selector 28 selects +1. 
The adder 29 is provided for setting the higher order 27 

bits of the start address of the first burst transfer operation as 
an initial value and incrementing the initial value every 4 
clock pulses. The output of the adder 29 is supplied to a 
group of three-state buffers 30 which is turned on and off by 
an output enable Signal EN1. 

FIG. 6 is a circuit diagram of the burst control unit 23. In 
FIG. 6, an adder 32 Sums the lower order 5 bits which are 
obtained from the number of bytes to be transferred minus 
one and the lower order 5 bits of the start address of the first 
transfer operation. 
An adder 33 adds the carry C of the adder 32 to the higher 

order 27 bits of the number of bytes to be transmitted minus 
one. A selector 34 selects one of the output of the adder 33 
and -1, and outputs the result to a subtractor 35. The 
Selecting operation of the Selector 34 is controlled by a 
Selection control Signal SL2. 
When the selection control signal SL2 is equal to 1 

(SL2=1), the selector 34 selects the output of the adder 33. 
When the selection control signal SL2 is equal to zero 
(SL2=0), the selector 34 selects -1. 
The subtracter 35 is provided for setting the output of the 

adder 33 as an initial value and decrements the initial value 
each time a burst transfer operation is performed in accor 
dance with a burst transfer request Signal BT. 
A Zero determination circuit 36 determines whether the 

output of the subtracter 35 is Zero so as to output a burst 
transfer end instruction signal to the bus control unit 25 
shown in FIG. 3 when the output of the subtracter 35 turns 
to Zero. 

An adder 37 adds the output of the adder 32 and +1. A 
selector 38 selects one of the output of the adder 37 and the 
lower order 5 bits of the start address of the first burst 
operation. The Selecting operation of the Selector 38 is 
controlled by a selection control signal SL3. 
When the selection control signal SL3 is equal to 1 

(SL3=1), the selector 38 selects the lower order 5 bits of the 
start address of the first burst operation. When the selection 
control signal SL3 is equal to zero (SL3=0), the selector 38 
selects the output of the adder 37. The output of the selector 
38 is supplied to a group of three-state buffers 39 which is 
controlled by an output enable signal EN2. 

FIG. 7 is an illustration for explaining an operation of the 
DMA controller 20 shown in FIG. 3. Shown in FIG. 7 are 
burst transfer operations performed when the Start address of 
the first burst transfer operation is 0 which corresponds to 
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the binary numeral 000 . . . 000 and is also represented by 
the hexadecimal numeral (00000000) and the number of 
bytes to be transferred is 96 which corresponds to the 
binary numeral 000... 01100000. Shown in FIG. 7 are the 
start address which is output to the external address bus 8, 
the types of data output to the external data bus 9 and the 
number of the burst transfer operations. 

In the example shown in FIG. 7, the higher order 27 bits 
of the start address of the first burst transfer operation, which 
are 000... 000 corresponding to the hexadecimal numeral 
(00000000), are supplied from the register unit 24 to the 
address unit 22. 

In this case, the Selection control Signal SL1 Supplied to 
the selector 28 is set to 1 (SEL1=1). Thus, the selector 28 
selects the higher order 27 bits of the first address of the first 
burst operation which are 000 . . . 000 Consequently, the 
higher order 27 bits of the first address of the first burst 
transfer operation which are 000... 000 are set to the adder 
29 as an initial value. At the same time, the higher order 27 
bits of the first address of the first burst transfer operation 
which are 000 . . . 000 are output, via the group of 
three-state buffers 30, to the portion of the external address 
bus 8 corresponding to the higher order 27 bits. 

Additionally, the lower order 5 bits, 00000, of the start 
address of the first burst transfer operation and the binary 
numeral 000 . . . 01011111 (95) which is the number 
(96) of bytes to be transferred minus one (1) are pro 
vided to the burst control unit 23. 

In this case, the Selection control Signal SL3 Supplied to 
the selector 38 is set to 1. Thus, the selector 38 selects the 
lower order 5 bits, 00000, of the start address of the first 
burst transfer operation, and the lower order 5 bits are 
output, via the group of three-state buffers 39, to a portion 
of the external address bus 8 corresponding to the lower 
order 5 bits. 
When 000... 0002=00000000 is output to the external 

address bus 8 as the start address of the burst transfer 
operation as mentioned above, transfer of the Sets of data D1 
to D4 is performed in the order D1-> D2->D3->D4 as 
shown in FIG. 7 with respect to the addresses 00000000 to 
0000001F. 
On the other hand, in the adder 32 of the burst control unit 

23, a calculation is performed to add the lower order 5 bits 
(11111) of the number of bytes transferred minus one to the 
lower order 5 bits (00000) of the start address of the burst 
transfer operation (11111+00000=11111). As a result, the 
operation 11111+00001.=100000 is performed by the 
adder 37, and the lower order 5 bits 00000 of the result 
100000 are supplied to the selector 38. 

Additionally, the operation is performed by the adder 33 
to add the higher order 27 bits (000... 010) of the number 
of bytes transferred minus one to the carry C (000... 000.) 
of the adder 32 (000... 010+000... 000=000... 010). 
The result is supplied to the subtractor 35, and is set as an 
initial value. 

At this time, the output of the subtracter 35 is 2, and the 
Zero determination circuit 36 does not output the burst 
transfer end instruction signal. Thus, the bus control unit 25 
does not end the burst transfer operation, and Sends a Second 
burst transfer request to the address unit 22 and the burst 
control unit 23. 
As a result, the operation is performed by the adder 29 to 

add +110 (000 . . . 001) which is supplied by the selector 
28 to the initial value (000... 000) which comprises 27 bits 
(000. . . 000+000... 0012=000... 001). The result 000 
... 001 which comprises 27 bits is output to the portion of 
the external address buS 8 corresponding to the higher order 
27 bits. 
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Additionally, in the adder 37 of the burst control unit 23, 

the operation is performed to add +110 (00001) to the 
output (11111) of the adder 32 (11111+00001.=100000). 
Then, the lower 5 bits 00000 of the result 100000 are 
output, via the group of three-state buffers 39, to the lower 
order 5 bits of the external address bus 8 corresponding to 
the lower order 5 bits. 

When 000 . . . 0100000=00000020, is output to the 
external address bus 8 as the start address of the burst 
transfer operation as mentioned above, transfer of the Sets of 
data D5 to D8 is performed in the order D5->D6->D7->D8 
as shown in FIG. 7 with respect to the addresses 00000020, 
to 0000003F 
On the other hand, the operation is performed by the 

subtracter 35 to subtract 000 . . . 001 from the previous 
output (000... 010) of the subtracter 35 (000... 010-000 
. . . 0012=000 . . . 001), 
At this time, the result of operation performed by the 

subtracter 35 is 1, and the Zero determination circuit 36 
does not output the burst transfer end instruction signal. 
Thus, the bus control unit 25 does not end the burst transfer 
operation, and Sends a third burst transfer request to the 
address unit 22 and the burst control unit 23. 

As a result, the operation is performed by the adder 29 to 
add +1 (000... 001) which is supplied by the selector 28 
to the previous output of (000 . . . 001) of the adder 29 
which comprises 27 bits (000 . . . 001+000 . . . 0012=000 
... 010). The result 000... 010 comprises 27 bits is output 
to the portion of the external address bus 8 corresponding to 
the higher order 27 bits. 

Additionally, the lower order 5 bits 00000 of the output 
100000 of the adder 37 in the burst control unit 23 is output, 
via the group of three-state buffers 39, to the lower order 5 
bits of the external address bus 8 corresponding to the lower 
order 5 bits. 

When 000 . . . 01000000=00000040, is output to the 
external address bus 8 as the start address of the burst 
transfer operation as mentioned above, transfer of the Sets of 
data D9 to D12 is performed in the order 
D9->D10->D11->D12 as shown in FIG. 7 with respect to 
the addresses 00000040 to 0000005F 
On the other hand, the operation is performed by the 

subtracter 35 to subtract 000 . . . 001 from the previous 
output (000... 001) of the subtracter 35 (000... 001-000 
. . . 001.=000 . . . 000), 
At this time, the result of operation performed by the 

subtracter 35 is 0, and the Zero determination circuit 36 
outputs the burst transfer end instruction Signal. Thus, the 
bus control unit 25 ends the burst transfer operation to 
initiate the end operation of the burst transfer operation So 
that a fourth burst transfer operation is not performed. 

FIG. 8 is an illustration for explaining another operation 
of the DMA controller 20 shown in FIG. 3. Shown in FIG. 
8 are burst transfer operations performed when the start 
address of the first burst transfer operation is 3 which 
corresponds to the binary numeral 000 . . . 011 and is also 
represented by the hexadecimal numeral (00000003) and 
the number of bytes to be transferred is 96, which corre 
sponds to the binary numeral 000 . . . 01100000. Shown in 
FIG. 8 are the start address which is output to the external 
address buS 8, the types of data output to the external data 
bus 9 and the number of the burst transfer operations. 

In the example shown in FIG. 8, the higher order 27 bits 
of the start address of the first burst transfer operation, which 
are 000 . . . 000 corresponding to the hexadecimal numeral 
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(00000000), are supplied from the register unit 24 to the 
address unit 22. 

In this case, the Selection control Signal SL1 Supplied to 
the selector 28 is set to 1 (SEL1=1). Thus, the selector 28 
selects the higher order 27 bits of the first address of the first 
burst transfer operation which is 000... 000 Consequently, 
the higher order 27 bits of the first address of the first burst 
transfer operation which are 000... 000 are set to the adder 
29 as an initial value. At the same time, the higher order 27 
bits of the first address of the first burst transfer operation 
which are 000 . . . 000 are output, via the group of 
three-state buffers 30, to the portion of the external address 
bus 8 corresponding to the higher order 27 bits. 

Additionally, the lower order 5 bits, 00011, of the start 
address of the first burst transfer operation and the binary 
numeral 000 . . . 01011111 (95) which is the number 
(96) of bytes to be transferred minus one (1) are pro 
vided to the burst control unit 23. 

In this case, the Selection control Signal SL3 Supplied to 
the selector 38 is set to 1. Thus, the selector 38 selects the 
lower order 5 bits, 00011, of the start address of the first 
burst transfer operation, and the lower order 5 bits are 
output, via the group of three-state buffers 39, to a portion 
of the external address bus 8 corresponding to the lower 
order 5 bits. 

When 000... 0112=00000003 is output to the external 
address bus 8 as the start address of the burst transfer 
operation as mentioned above, transfer of the Sets of data D1 
to D4 is performed in the order D1-> D2->D3->D4 as 
shown in FIG.8 with respect to the addresses 00000000 to 
0000001F. 
On the other hand, in the adder 32 of the burst control unit 

23, a calculation is performed to add the lower order 5 bits 
(11111) of the number of bytes transferred minus one to the 
lower order 5 bits (00011) of the start address of the burst 
transfer operation (11111+00011=100010). As a result, 
the operation 11111+000112=100010 is performed by the 
adder 32, and the most significant bit 12 of the result 
100010 is output as a carry C and the lower order 5 bits 
00010 of the result 100010 are supplied to the adder 37. 
Then, the operation 00010---000012=00011 is performed 
by the adder 37, and the result 00011 is supplied to the 
Selector 38. 

Additionally, the operation is performed by the adder 33 
to add the higher order 27 bits (000... 010) of the number 
of bytes transferred minus one to the carry C (000... 001) 
of the adder 32 (000... 010+000... 0012=000... 011). 
The result is supplied to the subtractor 35, and is set as an 
initial value. 

At this time, the output of the subtracter 35 is 3, and the 
Zero determination circuit 36 does not output the burst 
transfer end instruction signal. Thus, the bus control unit 25 
does not end the burst transfer operation, and Sends a Second 
burst transfer request to the address unit 22 and the burst 
control unit 23. 
As a result, the operation is performed by the adder 29 to 

add +1 (000... 001) which is supplied by the selector 28 
to the initial value (000. . . 000) which comprises 27 bits 
(000 . . . 000+000 . . . 0012=000 . . . 001). The result 
000... 001 which comprises 27 bits is output to the portion 
of the external address buS 8 corresponding to the higher 
order 27 bits. 

Additionally, the output 00011 of the adder of 37 the 
burst control unit is output, via the Selector 38 and the group 
of three-state buffers 39, to the lower order 5 bits of the 
external address bus 8 corresponding to the lower order 5 
bits. 
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When 000 . . . 0100011=00000023 is output to the 

external address bus 8 as the start address of the burst 
transfer operation as mentioned above, transfer of the Sets of 
data D5 to D8 is performed in the order D5->D6->D7->D8 
as shown in FIG.8 with respect to the addresses 00000020 
to 0000003F 
On the other hand, the operation is performed by the 

subtracter 35 to subtract 000 . . . 001 from the previous 
output (000 . . . 011) of the subtracter 35 (000 . . . 
011-000 . . . 0012=000. . .010). 
At this time, the result of operation performed by the 

subtracter 35 is 2, and the Zero determination circuit 36 
does not output the burst transfer end instruction signal. 
Thus, the bus control unit 25 does not end the burst transfer 
operation, and Sends a third burst transfer request to the 
address unit 22 and the burst control unit 23. 
As a result, the operation is performed by the adder 29 of 

the address unit 22 to add +1 (000 . . . 001) which is 
supplied by the selector 28 to the previous output (000. . . 
001) of the adder 29 which comprises 27 bits (000 . . . 
001 +000... 0012=000... 010). The result 000... 010. 
which comprises 27 bits is output, via the group of three 
state buffers 39, to the portion of the external address bus 8 
corresponding to the higher order 27 bits. 

Additionally, the output 00011 of the adder 37 in the 
burst control unit 23 is output, via the selector 38 and the 
group of three-state buffers 39, to the lower order 5 bits of 
the external address bus 8 corresponding to the lower order 
5 bits. 

When 000 . . . 01000011=00000043 is output to the 
external address bus 8 as the start address of the burst 
transfer operation as mentioned above, transfer of the Sets of 
data D9 to D12 is performed in the order 
D->D10->D11->D12 as shown in FIG.8 with respect to the 
addresses 00000040, to 0000005F 
On the other hand, the operation is performed by the 

subtracter 35 to subtract 000 . . . 001 from the previous 
output (000 . . . 010) of the subtracter 35 (000 . . . 
010+000 . . . 001.=000 . . . 001) 
At this time, the result of operation performed by the 

subtracter 35 is 1, and the Zero determination circuit 36 
does not output the burst transfer end instruction signal. 
Thus, the bus control unit 25 does not end the burst transfer 
operation, and Sends a fourth burst transfer request to the 
address unit 22 and the burst control unit 23. 
As a result, the operation is performed by the adder 29 of 

the address unit 22 to add +1 (000 . . . 001) which is 
supplied by the selector 28 to the previous output (000. . . 
010) of the adder 29 which comprises 27 bits (000 . . . 
010+000 . . . 0012=000 . . . 011) The result 000 . . . 011 
which comprises 27 bits is output to the portion of the 
external address bus 8 corresponding to the higher order 27 
bits. 

Additionally, the output 00011 of the adder 37 in the 
burst control unit 23 is output, via the selector 38 and the 
group of three-state buffers 39, to the lower order 5 bits of 
the external address bus 8 corresponding to the lower order 
5 bits. 

When 000 . . . 01100011=00000063, is output to the 
external address bus 8 as the start address of the burst 
transfer operation as mentioned above, transfer of the Sets of 
data D13 to D16 is performed in the order 
D13->D14->D15->D16 as shown in FIG.8 with respect to 
the addresses 00000060 to 0000007F. 
On the other hand, the operation is performed by the 

subtracter 35 to subtract 000 . . . 001 from the previous 
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output (000 . . . 001) of the subtracter 35 (000 . . . 
001-000 . . . 001.=000 . . . 000). 
At this time, the result of operation performed by the 

subtracter 35 is 0, and the Zero determination circuit 36 
outputs the burst transfer end instruction Signal. Thus, the 
bus control unit 25 ends the burst transfer operation to 
initiate the end operation of the burst transfer operation So 
that a fifth burst transfer operation is not performed. 
As mentioned above, according to the DMA controller 20 

of the present embodiment, the higher order 27 bits of the 
Start address of the Second and later burst transfer operations 
are calculated by the address unit 22. The portion corre 
sponding to the higher order 27 bits represents an address of 
a memory cell area which is a unit of burst transfer. 
Additionally, the lower order 5 bits of the start address of the 
Second and later burst transfer operations are calculated by 
the burst control unit 23. 

Accordingly, there is no need to calculate the address for 
each clock pulse when a plurality of burst transfer 
operations, in each of which data including an arbitrary 
number of bytes is transferred, can be consecutively per 
formed with an arbitrary start address. Thus, there is no need 
to provide an adder having an operation Speed higher than 
that of the adder provided in the conventional burst transfer 
control unit. 

The present invention is not limited to the Specifically 
disclosed embodiments, and variations and modifications 
may be made without departing from the Scope of the 
invention. 
What is claimed is: 
1. A data transfer control method for controlling transfer 

of data between memories by a plurality of consecutive burst 
transfer operations performed on data Stored in consecutive 
addresses, each of Said burst transfer operations being per 
formed on the data Stored in a respective one of a plurality 
of memory cell areas, each of which corresponds to a unit of 
burst transfer, Said data transfer control method comprising 
the Steps of: 

a) calculating a first address representing an address of 
one of Said memory cell areas, Said first address being 
a higher order part of a Start address of a Second or later 
burst transfer operation; and 

b) calculating a second address representing an address of 
one of a plurality of memory cells provided in Said one 
of Said memory cell areas, Said Second address being a 
lower order part of the start address of the second or 
later burst transfer operation, wherein a data transfer 
operation is started from Said one of Said memory cells 
and a carry is output which changes the calculation of 
the first address in accordance with a result of calcu 
lating the Second address. 

2. The data transfer control method as claimed in claim 1, 
wherein each of Said memory cells has a capacity of m bits 
and is provided with addresses, each of which comprises in 
bits, an address of each of Said memory cell areas being 
represented by higher order n-X bits, a burst transfer opera 
tion being performed based on a word length being 2*m 
bits and a burst length being 2, where m, n, X and y are 
integerS Satisfying a relationship n>X>ye1, 

wherein a calculation of Step a) is performed by incre 
menting a first higher order value represented by higher 
order n-X bits of a start address of a first burst transfer 
operation each time a request for a burst transfer 
operation is made; and 

a calculation of step b) is performed by Summing a first 
lower order value represented by lower order X bits of 
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14 
a number of addresses from which data is to be trans 
ferred and a Second lower order value represented by 
lower order X bits of the start address of the first burst 
transfer operation. 

3. The data transfer control method as claimed in claim 2, 
further comprising the Step of 

c) controlling the number of burst transfer operations to 
be performed after the Second burst transfer operation 
by calculating a number of burst transfer operations 
after the Second burst transfer operation based on the 
number of addresses from which the data is to be 
transferred and the start address of the first burst 
transfer operation. 

4. The data transfer control method as claimed in claim 3, 
wherein step c) includes the steps of: 

c-1) calculating a number of burst transfer operations after 
the Second burst transfer operation based on Said first 
lower order value and Said Second lower order value; 
and 

c-2) decrementing the number of burst transfer operations 
to be performed each time a request for a burst transfer 
operation is made So as to instruct an end of the burst 
transfer operations when the number of burst transfer 
operations to be performed becomes Zero. 

5. The data transfer control method as claimed in claim 4, 
wherein a calculation of the number of burst transfer opera 
tions to be performed is performed by Summing a Second 
higher order value represented by higher order n-X bits of the 
number of addresses from which data is to be transferred, 
minus one and a first value represented by (X+1)th order of 
a Second value obtained by Summing Said Second lower 
order value and a third lower order value represented by 
lower order X bits of the number of addresses, from which 
the data is to be transferred, minus one. 

6. A data transfer control apparatus to control transfer of 
data between memories by a plurality of consecutive burst 
transfer operations performed on data Stored in consecutive 
addresses, each of Said burst transfer operations being per 
formed on the data Stored in a respective one of a plurality 
of memory cell areas, each of which corresponds to a unit of 
burst transfer, Said data transfer control apparatus compris 
ing: 

a first address calculating unit calculating a first address 
representing an address of one of Said memory cell 
areas, Said first address being a higher order part of a 
Start address of a Second or later burst transfer opera 
tion; and 

a Second address calculating unit calculating a Second 
address representing an address of one of a plurality of 
memory cells provided in Said one of Said memory cell 
areas, Said Second address being a lower order part of 
the start address of the second or later burst transfer 
operation, wherein a data transfer operation is Started 
from Said one of Said memory cells and a carry is output 
which changes the calculation of the first address in 
accordance with a result of calculating the Second 
address. 

7. The data transfer control apparatus as claimed in claim 
6, wherein each of Said memory cells has a capacity of m bits 
and is provided with addresses, each of which comprises in 
bits, an address of each of Said memory cell areas being 
represented by higher order n-X bits, a burst transfer opera 
tion being performed based on a word length being 2*m 
bits and a burst length being 2, where m, n, X and y are 
integerS Satisfying a relationship n>X>ye1, 

wherein Said first address calculating unit comprises a first 
adder incrementing a first higher order value repre 
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Sented by higher order n-X bits of a Start address of a 
first burst transfer operation each time a request for a 
burst transfer operation is made; and 

Said Second address calculating unit Sums a first lower 
order value represented by lower order X bits of a 
number of addresses from which data is transferred and 
a Second lower order value represented by lower order 
X bits of the start address of the first burst transfer 
operation. 

8. The data transfer control apparatus as claimed in claim 
7, further comprising: 

a burst control unit controlling the number of burst 
transfer operations to be performed after the Second 
burst transfer operation by calculating a number of 
burst transfer operations after the Second burst transfer 
operation based on the number of addresses from which 
the data is to be transferred and the start address of the 
first burst transfer operation. 

9. The data transfer control apparatus as claimed in claim 
8, wherein said burst control unit includes: 

a Second adder Summing Said Second lower order value 
and a third lower order value represented by lower 
order X bits of the number of addresses from which the 
data is to be transferred, minus one; 

a third adder Summing a carry of Said Second adder and a 
Second higher order value represented by higher order 
n-X bits of the number of addresses from which data is 
to be transferred, minus one; 

a Subtracter decrementing the number of burst transfer 
operations to be performed each time a request for a 
burst transfer operation is made, an initial value of Said 
Subtracter being set to an output of said third adder; and 

a determination circuit determining whether an output of 
Said Subtracter is Zero So as to output a signal instruct 
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ing an end of a burst transfer when the output of Said 
Subtracter is Zero. 

10. The data transfer control apparatus as claimed in claim 
9, wherein Said Second address calculating unit includes a 
fourth adder adding one to an output of Said Second adder. 

11. A data transfer control method, comprising the Steps 
of: 

calculating a first address representing an address of a 
memory cell area, Said first address being a higher order 
part of a start address of a Second or later burst transfer 
operation; and 

calculating a Second address representing an address of 
one of a plurality of memory cells provided in Said 
memory cell area, Said Second address being a lower 
order part of the Start address of the Second or later 
burst transfer operation, wherein a carry is output 
which changes the calculation of the first address in 
accordance with a result of calculating the Second 
address. 

12. A data transfer control apparatus, comprising: 
a first address calculating unit to calculate a first address 

of one memory cell area, Said first address being a 
higher order part of a Start address of a Second or later 
burst transfer operation; and 

a Second address calculating unit to calculate a Second 
address representing an address of one of a plurality of 
memory cells provided in Said memory cell area, Said 
Second address being a lower order part of the Start 
address of the Second or later burst transfer operation, 
wherein a carry is output which changes the calculation 
of the first address in accordance with a result of 
calculating the Second address. 

k k k k k 
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